IMPORTANCE Macular edema during infancy, a subclinical feature identified in premature infants by handheld spectral-domain optical coherence tomography (SD-OCT), has been associated with poorer visual acuity and neurodevelopmental outcomes. Features of macular edema on fluorescein angiography (FA) are needed to understand its pathophysiology, but to date have not been reported previously. CONCLUSIONS AND RELEVANCE This observation of fluorescein leakage in 4 infant eyes with macular edema provides new insights into the possible mechanisms of this subclinical finding. Macular fluorescein leakage could indicate a breakdown or delayed maturation of the blood-retinal barrier or dysfunction of the retinal pigment epithelium. Furthermore, the cross-sectional OCT view aids in identifying preretinal neovascularization, which can also cause focal macular leakage in these infants. This new perspective may improve our understanding and potentially guide future treatments of premature infants with subnormal vision.
T he development of handheld spectral-domain optical coherence tomography (SD-OCT) has enabled identification of retinal features in young infants that have not been visible on conventional indirect ophthalmoscopy. 1, 2 These features include shallower foveal pit, persistent inner retinal layers at the fovea, delayed photoreceptor layer development, subfoveal fluid, and macular edema.
3,4 Macular edema has been reported in preterm infants with and without retinopathy of prematurity (ROP). 1, 5 It was also described in 1 full-term infant with severe liver failure while awaiting liver transplant 6 and in another infant with abnormal thyroid hormone levels at birth; small, isolated cystoid structures were observed in 2 of 59 full-term infants within 48 hours following delivery. 3, 7 Whether macular edema is associated with severity of ROP or changes after ROP treatment remains controversial. [8] [9] [10] [11] The OCT appearance of macular edema during infancy consists of cystoid hyporeflective spaces at the level of the inner nuclear layer and foveal thickening. 12 Its appearance largely mimics the cystoid macular edema associated with inflammation in adults, except for limitation to a single layer in infants. The presence of macular edema in premature infants has been associated with poorer visual acuity and neurodevelopmental outcomes.
13,14
To date, the fluorescein angiography (FA) findings of infant macular edema have not, to our knowledge, been described, perhaps owing to the infrequent use of FA in evaluation and treatment of infants in the neonatal intensive care unit. Herein, we describe the association of OCT and FA findings in 14 eyes of 8 infants with simultaneous handheld SD-OCT and FA.
Methods
This is a retrospective review of infants enrolled from July 1, 2011, to June 30, 2017, in a larger, ongoing prospective study of SD-OCT imaging of the infant retina. The Duke University Health System Institutional Review Board approved the protocol and the study adhered to the Health Insurance Portability and Accountability Act and all tenets of the Declaration of Helsinki.
15 Parents or legal guardians provided written informed consent. Our retrospective review identified 8 infants imaged at a mean (SD) of 42.8 (4.2) weeks' postmenstruation age (1 [13%] female, 2 [25%] African American, and 6 [75%] white) who had research SD-OCT imaging at the time of standardcare clinical evaluation with FA imaging following intravenous fluorescein administration (RetCam; Clarity Medical System Inc) using the 130°(D1300) or 80°(D800) lenses. Seven of 8 imaging sessions were performed during examination under anesthesia, and 1 of 8 was at the bedside in an awake infant in the neonatal intensive care unit. The SD-OCT imaging was performed according to an age-specific protocol previously described using the noncontact, por- 
Results
Seven of 8 infants had ROP. One infant had no ROP but was examined for possible congenital cytomegalovirus infection. Six eyes of 4 infants had macular edema, which was characterized as mild, moderate, and severe (2 eyes for each level).
12
Demographic information, ROP stage, and macular edema findings are summarized in the Table. No Macular Fluorescein Leakage in Infants With ROP Without Macular Edema Three eyes from 2 infants (Nos. 1 and 2) with simultaneous handheld SD-OCT and FA imaging did not have macular edema and 1 eye from infant 2 had a single cyst. By handheld SD-OCT, these eyes did not have posterior preretinal neovascularization. Fluorescein angiography showed no macular fluorescein leakage, enlargement of the foveal avascular zone, or macular ischemia ( Figure 1 , eFigure 1A-C in the Supplement).
Late Macular Fluorescein Leakage in Infants With Macular Edema
Six eyes from 3 infants (Nos. 3-5) had macular edema and simultaneous FA. Two of these infants (Nos. 3 and 4) had ROP, while cytomegalovirus infection was suspected in the third infant (No. 5). Infants 3 to 5 had macular edema, which was mild (No. 
Key Points
Question What are the fluorescein angiographic features of macular edema during infancy?
Findings In this study of 8 infants with pediatric retinal vascular diseases, macular edema during infancy was associated with late fluorescein leakage in the central macula in 4 eyes of 2 infants. Fluorescein leakage was also found in preterm infants with advanced retinopathy of prematurity and posterior preretinal neovascularization in the absence of macular edema.
Meaning Late leakage on fluorescein angiography likely indicates breakdown or delayed maturation of the blood-retinal barrier in the retina and may provide insights into future treatments. 
Discussion
Macular edema is a common and transient finding on OCT in premature infants. However, the precise mechanism of its formation is unknown. The first step to understanding macular edema during infancy is its leakage pattern on FA. Lepore et al 16 previously described macular hypofluorescence and hyperfluorescence on FA in premature infants with ROP, but the cluded 72 premature infants in another study using the portable camera glass SD-OCT system (iVUE), and found a possible correlation between severity and frequency of macular edema with ROP severity. The presence of macular edema has not been associated with ROP outcomes 12 and has not correlated consistently with intravitreal ranibizumab injections or laser treatment in these studies. 
Limitations
Limitations of our study include small sample size, since we do not frequently obtain FA in this vulnerable population. Thus, we could not show that resolution of macular edema is associated with disappearance of macular fluorescein leakage in the same infant. Interpretation of fluorescein leakage in these eyes could be difficult, as it is often confounded by late perivascular staining and quick washout in late frames. This was a qualitative, rather than a quantitative, analysis because it is difficult to measure late hyperfluorescence on FA. Causes of macular edema could be physiologic, vascular leakage, neurodegenerative, inflammatory, or secondary to procedures or medications. Further studies will be needed to address these issues and allow longitudinal follow-up in such infants.
Conclusions
Overall, macular edema during infancy was associated with late central macular leakage on FA. Leakage may also occur in the absence of macular edema in eyes with advanced ROP with posterior preretinal neovascularization. The foveal center (red dots) was determined by comparing SD-OCT en face image and fundus photograph and fluorescein angiography.
